STRUCTURE AND MANUFACTURING METHOD 
OF NON-VOLATILE FLASH MEMORY 

BACKGROUND OF THE INVENTION 
The present invention relates to a structure and a 
manufacturing method of a non-volatile flash memory. 
Description of the Related Art 
5 As one of the data writing operation to a non-volatile flash 

memory, there is a method ejecting electrons from a region overlapped a 
floating gate and a drain by using a Fauler-Nordheim (FN) type 
tunneling. 

Referring to drawings, this electron ejecting operation is 

10 explained. Fig. 1 is a sectional view at the A-A line of Fig. 2 of a 
structure of a conventional non-volatile flash memory. As shown in Fig. 
1, at the conventional non-volatile flash memory, isolation regions 2, a 
source 3, and a drain 4 are formed on a semiconductor substrate 1. And 
on the surface of the semiconductor substrate 1 between the source 3 and 

15 the drain 4, a first gate insulation film 5 being a tunnel film, a floating 
gate 6, a second gate insulation film 7 being an inter poly silicon film, 
and a control gate 8 are formed in order from the bottom. And a silicon 
oxide film 9 is disposed at the both sides of the first gate insulation film 5 
being the tunnel film and the floating gate 6 in the sectional view. And 

20 there is an overlapped region between the floating gate 6 and the drain 4 
through a part of the first gate insulation film 5 being the tunnel film. 

When data are written in the non-volatile flash memory, for 
example, a negative voltage — 12V is applied to the floating gate 6 and a 
positive voltage + 5V is applied to the drain 4. With this, electrons are 

25 ejected from the floating gate 6 to the drain 4 through the first gate 
insulation film 5 being the tunnel film at the overlapped region. In 
order to make the data writing speed fast, generally, the overlapped 
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region between the floating gate 6 and the drain 4 are made to be large. 
In case that this overlapped region is small, a depletion layer, extended 
in the drain direction from the junction region between the drain 4 and 
the semiconductor substrate 1, covers the overlapped region. And the 

5 voltage applied between the floating gate 6 and the drain 4 is divided and 
a part of this divided voltage flows into the depletion layer. 
Consequently, the voltage applying to the first gate insulation film 5 
being the tunnel film is made to be small, and the data writing is made 
to be slow. In order to avoid this, the overlapped region is made to be 

10 large. In order to make the overlapped region large, it is necessary that 
the drain 4 is made to push to the first gate insulation film 5 being the 
tunnel by heat treatment. 

Further, in order to make the data writing speed fast, it is 
effective to make the drain voltage high at the time of the data writing, 

15 and this applying voltage becomes higher than a drain voltage at data 
reading at normal operation. In this case, at a micro processed 
semiconductor device, a punch-through current is generated between the 
drain 4 and the source 3 at the data writing, and this causes that the 
drain electric potential is made to be lower than a desired value. 

20 Consequently, there is a problem that the data writing speed is made to 
be slow. 

In order to suppress the generation of the punch-through 
current, the source, which is not used at the data writing, is disposed to a 
farther position. However, under the situation that the semiconductor 
25 device has been manufacture by the further micro processes, it has been 
impossible that the punch-through current is suppressed by this method. 

In order to solve this problem, a method to suppress the 
punch-through current by applying the same voltage to the source 3 and 
the drain 4 at the data writing is proposed at a technical report written 
30 by, M. Kato, et al., " A ShallowTrench-Isolation Flash Memory 
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Technology with a Source-Bias Programming Method, " IEEE Technical 
Dig. of IEDM 1996, pp. 177-180. 

Fig. 2 is a plane view showing a structure of the conventional 
non-volatile flash memory. Referring to Fig. 2, this method is explained. 
5 As shown in Fig. 2, at a NOR type array structure, the same positive 
voltage is applied to a bit line 11 (drain 4) and a source line (source 3) of 
a selected memory cell, and a negative voltage is applied to a selected 
word line 15 (control gate 8). With this, the electrons are ejected from 
the floating gate 6 to the drain 4 and the source 3, without generating 
10 the punch-through current between the source 3 and the drain 4. 

On the other hand, at a NOR type array structure, in order to 
reduce the area of the memory cell, there is a case that a common source 
line structure is utilized. 

However, at the conventional method in which the same 
15 voltage is applied to the source 3 and the drain 4 at the data writing, the 
common source line structure can not be used, therefore the 
punch-through current can be suppressed, but there is a problem that 
the area of the array can not be reduced. 

And at the conventional common source line structure, when 
20 the same high voltage is applied to the source 3 and the drain 4 at the 
data writing, this applied positive voltage is also applied to the source 3 
in an adjacent memory cell. Since the negative voltage is applied to the 
word line (control gate), electrons are ejected from the floating gate 6 to 
the source 3 in the adjacent memory cell, and the data are written in the 
25 adjacent unselected memory cell. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to provide a 
structure of a non-volatile flash memory manufacturing by micro 
30 processes, in which the generation of a punch-through current is 
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suppressed and a common source line structure being capable of reducing 
a memory cell area can be also used, and a method in which data writing 
to an unselected memory cell is effectively prevented by using this 
structure. 

5 According to a first aspect of the present invention, for 

achieving the object mentioned above, there is provided a structure of a 
non-volatile flash memory that is a NOR type non-volatile flash memory, 
which provides floating gates and a common source line. And at the 
structure, a region overlapped one of drains and one of the floating gates 

10 in a memory cell is larger than a region overlapped a source and one of 
the floating gates in the memory cell. 

According to a second aspect of the present invention, at a 
structure of a non-volatile flash memory that is a NOR type non-volatile 
flash memory, which provides floating gates and a common source line, 

15 the difference (a — b) between a region " a "overlapped one of drains and 
one of the floating gates in a memory cell, and a region " b "overlapped a 
source and one of the floating gates in the memory cell is 0.02 \± m or 
more. 

According to a third aspect of the present invention, at a 
20 structure of a non-volatile flash memory that is a NOR type non-volatile 
flash memory, which provides floating gates and a common source line, 
the impurity gradient distribution of a source in a memory cell at the 
adjacent position, where the source joints a semiconductor substrate, is 
formed to be gradual. 
25 According to a fourth aspect of the present invention, in the 

first and second aspects, at a structure of a non-volatile flash memory 
that is a NOR type non-volatile flash memory, which provides floating 
gates and a common source line, the source is composed of first sources 
and a second source, and the first sources and the second source are 
30 formed in a state that the first and second sources are contacted with one 



5 



another, and the first sources are formed at regions overlapped with the 
floating gates. 

According to a fifth aspect of the present invention, in the 
fourth aspect, at a structure of a non volatile flash memory that is a NOR 

5 type non-volatile flash memory, which provides floating gates and a 
common source line, the impurity concentration of the second source is 
higher than that of the first sources. 

According to a sixth aspect of the present invention, in the 
fourth aspect, at a structure of a non-volatile flash memory that is a NOR 

10 type non-volatile flash memory, which provides floating gates and a 
common source line, the source composed of the first and second sources 
is formed in a state that the first and second sources are unified. 

According to a seventh aspect of the present invention, there is 
provided a structure of a non-volatile flash memory that provides plural 

15 memory cells isolated by isolation regions. The structure of the 
non-volatile flash memory provides plural floating gates, plural drains, 
and one source. And at the structure, the one source is a common 
source for the plural memory cells, and impurity concentration of the one 
source is lower than that of the plural drains. 

20 According to an eighth aspect of the present invention, in the 

seventh aspect, the plural memory cells are composed as a pair. 

According to a ninth aspect of the present invention, in the 
seventh aspect, the number of the plural floating gates and the number 
of the plural drains are the same. 

25 According to a tenth aspect of the present invention, there is 

provided a manufacturing method of a non-volatile flash memory that 
provides plural memory cells which are isolated by isolation regions, and 
each of the plural memory cells provides a floating gate, a drain, and one 
source. And heat treatment after diffused impurity to the one source is 

30 suppressed compared with heat treatment after diffused impurity to the 
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drains. 

According to an eleventh aspect of the present invention, in the 
tenth aspect, impurity concentration of the one source is lower than that 
of the plural drains. 

5 According to a twelfth aspect of the present invention, in the 

tenth aspect, the impurity gradient distribution of the one source in the 
plural memory cells at the adjacent position, where the one source joints 
a semiconductor substrate, is formed to be gradual. 

According to the present invention, at a NOR type flash 

10 memory having a common source line, there is provided a structure in 
which a region overlapped a drain and a floating gate in a memory cell is 
large and a region overlapped a source and the floating gate in the 
memory cell is small. And at the NOR type non-volatile flash memory, 
the impurity gradient distribution of the source in the memory cell at the 

15 adjacent position, where the source joints a semiconductor substrate, is 
formed to be gradual. And when data are written in the NOR type flash 
memory, a negative voltage is applied to a selected word line, and the 
same positive voltage is applied to a selected bit line and a selected 
source line. With this, a punch-through current between the source and 

20 the drain in the selected memory cell is suppressed, and electrons can be 
ejected from the floating gate to the drain. At this time, the positive 
voltage is applied to a source in an adjacent memory cell and a negative 
voltage is applied to a ward line in the adjacent memory cell. However, 
the region overlapped the source and the floating gate is small, therefore. 

25 the ejection of electrons from the floating gate to the source does not 
occur. Consequently, in case that this adjacent memory cell is an 
unselected memory cell, data error writing to the unselected memory cell 
does not occur. Or since the impurity concentration distribution in the 
source is gradual, when the positive voltage is applied to the source, a 

30 depletion layer extends in the source, and the voltage applied between 
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the floating gate and the source is divided and a part of this divided 
voltage flows into the depletion layer, consequently the voltage applying 
to a tunnel film decreases. Therefore, electrons are not ejected from the 
floating gate to the source, and data error writing to the unselected 
5 memory cell does not occur. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The objects and features of the present invention will become 
more apparent from the consideration of the following detailed 
10 description taken in conjunction with the accompanying drawings in 
which: 

Fig. 1 is a sectional view at the A-A line of Fig. 2 of a structure 
of a conventional non-volatile flash memory; 

Fig. 2 is a plane view showing a structure of the conventional 
15 non-volatile flash memory; 

Fig. 3 is a plane view showing a structure of a first 
embodiment of a non-volatile flash memory of the present invention', 

Fig. 4 is a sectional view at the A-A line of Fig. 3 of the 
structure of the first embodiment of the non volatile flash memory of the 
20 present invention; 

Fig. 5 is an equivalent circuit of the structure of the first 
embodiment of the non-volatile flash memory of the present invention; 

Fig. 6 is a plane view showing isolation regions and floating 
gates of the first embodiment of the non-volatile flash memory of the 
25 present invention; 

Figs. 7A, 7B, and 7C are diagrams showing manufacturing 
processes at a manufacturing method of the first embodiment of the 
non-volatile flash memory of the present invention; 

Fig. 8 is a graph showing a relation, between a width 
30 overlapped a floating gate and a drain, and data writing time, and a 
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relation, between a width overlapped the floating gate and a source, and 
data error writing time; and 

Fig. 9 is a sectional view showing a structure of a third 
embodiment of the non-volatile flash memory of the present invention. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the drawings, embodiments of the present 
invention are explained in detail. At the embodiment of the present 
invention, each function being equivalent to each function at the 

10 conventional non-volatile flash memory has the same reference number. 
Fig. 3 is a plane view showing a structure of a first embodiment of a 
non-volatile flash memory of the present invention. As shown in Fig. 3, 
at the structure of the first embodiment of the non-volatile flash memory 
of the present invention, isolation regions 2, a source 3, and drains 4 are 

15 disposed in the Y direction. The source 3 and the drains 4 are formed 
as diffusion layer wiring, and the source 3 works as a source line and the 
drains 4 works as bit lines 11 and 13. The source 3 works as a common 
source line 12 to two memory cells disposed at right and left. And 
floating gates 6 are formed between the source 3 and one of the drains 4, 

20 and the source 3 and the other drain 4. Control gates 8 are disposed in 
the X direction and work as word lines 14 and 15. 

Fig. 4 is a sectional view at the A- A line of Fig. 3 of the 
structure of the first embodiment of the non-volatile flash memory of the 
present invention. As shown in Fig. 4, the isolation regions 2, the 

25 source 3, and the drains 4 are formed on the surface of a semiconductor 
substrate 1. And on the surface of the semiconductor substrate 1 
between the source 3 and one of the drains 4, a first gate insulation film 
5 being a tunnel film, a floating gate 6, a second gate insulation film 7 
being an inter poly silicon film, and the control gate 8 are formed in order 

30 from the bottom. And at the both sides of the floating gate 6 and the 
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first gate insulation film 5 in the sectional view, a silicon oxide film 9 is 
formed. And there is a large overlapped region between the floating 
gate 6 and one of the drains 4 through a part of the first gate insulation 
film 5 being the tunnel film. And an overlapped region between the 
5 source 3 and the floating gate 6 is small. And at the position between 
the source 3 and the other drain 4, the same structure mentioned above 
is composed. 

Fig. 5 is an equivalent circuit of the structure of the first 
embodiment of the non-volatile flash memory of the present invention. 

10 Referring to Fig. 5, data writing operation is explained. At the time of 
the data writing, for example, a positive voltage + 5V is applied to a 
selected bit line 11 (drain 4) and a common source line 12 (source 3), and 
a negative voltage —12 V is applied to a selected word line 15 (control 
gate 8). An unselected bit line 13 and unselected word lines 14 are 

15 grounded. 

At this structure, a depletion layer extends in the source 3, and 
the voltage applying to the position between the floating gate 6 and the 
source 3 at a selected memory cell 21 is divided and a part of this divided 
voltage flows into the depletion layer, and a voltage applying to the first 

20 gate insulation film 5 being the tunnel film decreases. Consequently, 
the ejection of electrons from the floating gate 6 to the source 3 does not 
occur, and data error writing to an unselected memory cell 22 adjacent to 
the selected memory cell 21 does not occur. Therefore, by applying the 
same voltage to the source 3 and the drain 4, the punch-through current 

25 is prevented. And also, the source 3 is the common source line 12, 
therefore, the area of the memory cell can be reduced, and there is an 
effect that the degree of the integration further increases. 

In Fig. 3, the floating gates 6, described by oblique lines 
disposed at the near center part of the word line 14 (control gate 8), 

30 contact with the lower surface of the word line 14. And the word lines 
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14 and 15 (control gates 8), and the bit lines 11 and 13 (drains 4) are not 
connected electrically. And the word lines 14 and 15 (control gates 8), 
and the common source line 12 (source 3) are not connected electrically. 
And the word lines 14 and 15 are disposed at the upper position of the bit 

5 lines 11 and 13, and the common source line 12, however this position 
can be changed inversely. 

Fig. 6 is a plane view showing the isolation regions 2 and the 
floating gates 6 of the first embodiment of the non-volatile flash memory 
of the present invention. As shown in Fig. 6, the floating gates 6 are 

10 disposed in a state that the floating gates 6 extend uniformly in the Y 
direction by patterning. However, actually, the floating gates 6 are 
disposed in a state that the floating gates 6 are separated as shown in 
Fig. 3. 

Figs. 7A, 7B, and 7C are diagrams showing manufacturing 

15 processes at a manufacturing method of the first embodiment of the 
non-volatile flash memory of the present invention. Referring to Figs. 
7A, 7B, and 7C, the manufacturing processes at the manufacturing 
method of the present invention are explained. As shown in Fig. 7A, 
first, for example, a silicon oxide film is embedded on the surface of a 

20 semiconductor substrate 1 and isolation regions 2 are formed. Next, a 
first gate insulation film 5 having about 10 nm thickness is formed on 
the whole surface by using dried oxygen of 900°C by a thermal 
oxidation method. Further, in order to form floating gates 6 on the 
whole surface, a polycrystal silicon film having about 100 nm is formed 

25 on the whole surface of the first gate insulation film 5. At the first 
embodiment, in order to reduce electric resistance, phosphorus (P) is 
implanted to the polycrystal silicon film by an ion implantation method. 
After this, a patterning is applied to the polycrystal silicon film by an 
existing method, and the floating gates 6 are formed. As shown in Fig. 

30 6, the floating gates 6 are patterned in a state that the floating gates 6 
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uniformly extend in the Y direction. However, actually, the floating 
gates 6 are disposed in a state that the floating gates 6 are separated as 
shown in Fig. 3. A region, in which a source is formed, is covered with a 
mask, and after this, for example, arsenic C\s) being a N type impurity is 
5 implanted by 3 x 10 15 cm " 2 , and drains 4 are formed. After removing 
the mask, the arsenic (As) in the drains 4 is diffused by heat treatment, 
regions overlapped the floating gates 6 and the drains 4 are made to be 
large. 

Next, as shown in Fig. 7B, arsenic (As) of 5 x 10 13 cm" 2 is 

10 implanted to the whole surface, and the source 3 is formed. After this, 
when the heat treatment is suppressed, regions overlapped the source 3 
and the floating gates 6 are made to be small. Or the regions 
overlapped the source 3 and the floating gates 6 are made not to exist, 
even in this case, there is no problem when the end of the floating gate 6 

15 is disposed on the end line of the source 3 and an electrical overlap does 
not exist between them. 

And, as shown in Fig. 7C, a silicon oxide film 9 is disposed on 
the whole surface by, for example, a CVD (chemical vapor deposition) 
method. After this, the silicon oxide film 9 on the source 3 and the 

20 drains 4 is made to stay and the upper surfaces of the floating gates 6 are 
made to expose by an etching back or a CMP (chemical mechanical 
polishing) method. 

Next, a multi-layer film, composed of a silicon oxide film 
having about 8 nm thickness, a silicon oxide film having about 10 nm 

25 thickness, and a silicon oxide film having about 8 nm thickness, is 
formed on the whole surface as a second gate insulation film 7. And 
further, as a material for control gates 8, a polycrystal silicon film 
containing phosphorus (P) having about 100 nm, and an eutectic film 
having about 100 nm composed of tungsten and silicon are formed on the 

30 second gate insulation film 7. After this, the control gates 8 are formed 
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by applying a patterning to this material, and the structure shown in Fig. 
4 at the first embodiment of the non-volatile flash memory of the present 
invention is formed. 

Fig. 8 is a graph showing a relation, between a width 

5 overlapped the floating gate 6 and the drain 4, and data writing time, 
and a relation, between a width overlapped the floating gate 6 and the 
source 3, and data error writing time. In Fig. 8, the difference between 
two dotted lines in the time scale is one digit. In this, the data error 
writing time is defined in the following way. In case that the drains 4 

10 are grounded and a positive voltage is applied to the source 3, a few 
electrons are ejected from the floating gate 6 to the source 3, and the 
threshold value of the memory cell is decreased. At this time, a 
requiring time, in which the threshold value of the memory cell decreases 
by 0.5 V, is defined as the data error writing time. As the bias condition, 

15 a negative voltage— 12V is applied to the control gates 8 and a positive 
voltage +5V is applied to the drains 4 and the source 3. 

At the present invention, the difference (a — b) being a margin 
between a width " a " overlapped the floating gate 6 and the drain 4 
shown in a polygonal line used #. and a width " b " overlapped the 

20 floating gate 6 and the source 3 shown in a polygonal line used O is 
required to be more than one digit. For example, when the width 
overlapped the floating gate 6 and the source 3 is about 0.04 ix m on the 
polygonal line used O, and the width overlapped the floating gate 6 and 
the drain 4 is about 0.06£im on the polygonal line used #, the time 

25 difference (a — b) becomes about one digit. This signifies that the 
difference (a — b) is desirable to be more than 0.02 ^ m at the present 
invention. 

And it is desirable that the width " a "overlapped the floating 
gate 6 and the drain 4 is more than 0.03 \± m, and the width " b 
30 overlapped the source 3 and the floating gate 6 is less than 0.01 n m. 
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This shows at the left upper part in Fig. 8. 

As shown in Fig. 8, it is more desirable that the difference (a — 
b) is more than 0.05 ii m. Especially, in case that the width " a 
overlapped the floating gate 6 and the drain 4 is made to be more than 
5 0.08 a/ m, and the width Ct b " overlapped the floating gate 6 and the 
source 3 is made to be less than 0.03 m m, at the time difference between 
the data writing time of the selected memory cell and the data error 
writing time of the unselected memory cell, a margin being more than 5 
digits is generated, and the data error writing does not occur actually. 
10 This shows in Fig. 8, when the width overlapped the floating gate 6 and 
the source 3 is about 0.03/i m on the polygonal line used O, and the 
width overlapped the floating gate 6 and the drain 4 is about 0.08 \± m on 
the polygonal line used #, the time difference (a — b) becomes about 5 
digits. 

15 Next, a second embodiment of a structure of the non-volatile 

flash memory of the present invention is explained. At the first 
embodiment, the region overlapped the source 3 and the floating gate 6 is 
made to be small. However, at the second embodiment, the impurity 
gradient of the source 3 at the adjacent position, where the source 3 

20 joints the semiconductor substrate 1, is made to be a gradual distribution. 
Consequently, when a positive voltage is applied to the source 3 at the 
data writing time, a large depletion layer extends in the source 3, and 
the voltage divided into the first gate insulation film 5 being the tunnel 
film is reduced largely. Therefore, there is an effect that the data error 

25 writing to the unselected memory cell is further suppressed. In order to 
realize the second embodiment, arsenic (As) of 3 x 10 14 cm 2 is implanted 
on the whole surface, and the source 3 is formed, and after this, diffusion 
is applied by the heat treatment. The other processes are the same that 
the first embodiment has. 

30 Next, a third embodiment of a structure of the non-volatile 



flash memory of the present invention is explained. Fig. 9 is a sectional 
view showing the structure of the third embodiment of the non volatile 
flash memory of the present invention. As shown in Fig. 9, a source is 
composed of first sources 30 whose impurity concentration are low and a 
second source 31 whose impurity concentration is high. The sources 30 
are formed at a region overlapped the source and a floating gate 6, and 
this overlapped widths are formed to be smaller than a width overlapped 
drains 4 and the floating gate 6. The second source 31 is formed at a 
region not overlapped with the floating gate 6. 

Referring to Fig. 9, a manufacturing method of the third 
embodiment of the present invention is explained. After the floating 
gates 6 are formed by the same method that the first embodiment has, 
the sources 30 are formed by that, for example, arsenic (As) is implanted 
by 5 x 10 13 cm" 2 on the whole surface. After this, the source region is 
covered with a mask, by implanting arsenic (As) by 3 x 10 15 cm 2 on the 
whole surface, the drains 4 are formed. And a silicon oxide film is 
formed on the whole surface by, for example, the CVD method, and by 
applying an etching back, side walls 22 are formed. After this, by 
implanting arsenic (As) by 3 x 10 15 cm -2 on the whole surface, the second 
source 31 is formed. 

As mentioned above, at the third embodiment, since the 
impurity concentration of the first sources 30 are low, overlapped regions 
are not formed between the first sources 30 and the floating gates 6. 
And further, the second source 31 whose impurity concentration is high 
exists, therefore, there is an effect that the source resistance becoming 
high does not occur. 

According to the structure of the non-volatile flash memory of 
the present invention, at a NOR type flash memory having a common 
source line, a region overlapped a drain and a floating gate of a memory 
cell is made to be large, and a region overlapped a source and the floating 



gate is made to be small. Therefore, at the time when data are written 
in the memory cell, a negative voltage is applied to a selected ward line 
(control gate), and the same value of a positive voltage is applied to a 
selected bit line (drain) and a common source line. With this, electrons 
can be ejected from the floating gate to the drain, without a 
punch-through current between the source and drain at the selected 
memory cell. At this time, at an adjacent memory cell, the positive 
voltage is applied to the source, and the negative voltage is applied to the 
word line (control gate), however, since the region overlapped the source 
and floating gate is small, electrons are not ejected from the floating gate 
to the source. Therefore, in case that this adjacent memory cell is an 
unselected memory cell, there is an effect that a data error writing to this 
adjacent memory cell does not occur. 

While the present invention has been described with reference 
15 to the particular illustrative embodiments, it is not to be restricted by 
those embodiments but only by the appended claims. It is to be 
appreciated that those skilled in the art can change or modify the 
embodiments without departing from the scope and spirit of the present 
invention. 
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